ABSTRACT -The objective of this study was to evaluate the genotypic stability of agronomic traits in hybrids of Panicum maximum. Hybrids originating from the crosses between two sexual parents and cultivars Mombasa and Tanzania were evaluated in an incomplete-block design. Evaluated traits were total dry matter, leaf dry matter, stem dry matter, percentage of leaves, and leaf:stem ratio. These traits were evaluated in six harvests. Overall, higher repeatability was observed for the traits total dry matter and leaf dry matter, especially when harvests 4, 5, and 6, occurring in spring and summer, were evaluated. The leaf dry matter was the trait that provided the greatest repeatability and determination. The repeatability of stem dry matter, percentage of leaves, and leaf:stem ratio had a low magnitude, even when the coefficient was estimated based on the harvests of better stabilization for the other variables. The hybrids achieved genotypic stabilization in the harvests made in the second rainy season. Harvests made in the rainy season provide greater repeatability and determination, and the inclusion of the dry-season harvest is detrimental to the process of selection of low-repeatability traits such as percentage of leaves.
Introduction
In recent years, Brazil has become the greatest exporter of beef, holding the largest commercial herd in the world. This great advance is a result of the operation of several lines of research, among which is the genetic breeding of forage plants, which has received increased attention because of the recognized importance of diversifying pastures. Nevertheless, the number of available cultivars of tropical forages is still low, and, of these, a small share results from crossing programs performed in Brazil (Valle et al., 2009) .
Diversification through the development of more adapted and competitive forages is essential so as to mitigate the problems caused by the practice of monoculture. In this regard, the Panicum maximum Jacq. species is an excellent option for the diversification and intensification of Brazilian pastures. This forage is well diffused among livestock farmers, and is considered one of the most productive and competitive in the Brazilian livestock scenario (Jank et al., 2008; Jank et al., 2011) .
To obtain the estimate of the superiority of perennial plants, successive measurements are often used in predetermined time intervals; thus, the genotypes are evaluated in regular intervals, aiming at the same vegetative stage, and each harvest can be considered a replicate in time. The coefficient of repeatability, defined statistically as the correlation between measures in a same individual, whose evaluations have been repeated in time or space, expresses the fractions of the total variance that are explained by genetic causes mistaken for the permanent effect of environment and which are attributed to temporary variations (Cruz et al., 2004) . Because experiments with the breeding of forages (perennial plants) are extremely costly as they involve evaluation with animals, in successive harvests, large areas and in several locations, it is essential to have reliable identification of superior individuals through repeated measures.
According to Pereira et al. (2002) , during the young stage, only part of the genes responsible for the traits of interest is expressing itself, whereas at adult age all the plant potential is manifested, resulting in marked changes in the phenotype. In this situation, the evaluation of individuals through repeated measures in different stages of growth may result in uncorrelated answers that provide R. Bras. Zootec., 44(11): [377] [378] [379] [380] [381] [382] [383] 2015 from the cross between sexual plant S10 and Tanzania grass; progeny 2 resulted from the cross between the same sexual plant and Mombasa grass; and progeny 3 resulted from the cross between sexual parent S12 and Tanzania grass. 3 , base saturation (%) = 57.17; aluminum saturation (%) = 2.70; and organic matter = 3.24 dag/kg. Based on the results of this analysis, during the establishment of the plots in the field, 120 kg/ha P 2 O 5 were applied as single superphosphate. The area where the experiment was implanted was prepared by the conventional method, with plowing, application of limestone, and harrowing at the end of the rainy season before the transplantation of seedlings into the field. During the experimental period, plants received the application of 100 kg/ha N, 100 kg/ha K 2 O and 100 kg/ha P 2 O 5 per year. These fertilizations were made in the rainy season.
After the establishment, a total final number of 108 hybrids was obtained for progeny 1; 167 hybrids for progeny 2; and 45 hybrids for progeny 3, totaling 320 genotypes, evaluated in an incomplete-block design. Blocks consisted of three linear plots with nine plants (tussocks), totaling 32 blocks. Each plot corresponds to one of the abovementioned progenies. Mombasa grass plants were used at the borders. The spacing between plants within a row and between rows was one meter.
The hybrid individuals were managed by harvests made at 25 cm above the soil level, on days 01/26/10, 03/08/10, 06/05/10, 10/05/10, 11/18/10, 12/29/10, and 02/03/11. The harvest made on 06/05/2010 was not assessed, as it occurred right after full flowering of the hybrids, which was the time when the seeds were also harvested for future studies. At each harvest, the forage was harvested, weighed, and subsequently sampled. In the samples, the morphological components leaf blade, stem + sheath, and dead forage were separated and later dried to determine the dry weight and their relative participation in the morphological composition of the samples. In this a low repeatability coefficient, and the solution of this problem is not necessarily an increase in the number of measurements.
Assuming that gene expression can be affected not only by the stage of development but also by the different climatic conditions and changes in management to which plants are subjected over the year, the study of genotypic stabilization can contribute to improving reliability at the selection of a trait through the identification of groups of repeated measures with a higher degree of correlation.
The objective of this study was to evaluate the genotypic stabilization of agronomic traits in Panicum maximum hybrids.
Material and Methods
The experiment was conducted in the city of Campo Grande-MS, Brazil (20°27' latitude and 54°57' longitude). According to Köppen's classification, the climate in the region is a savannah rainy tropical type, Aw subtype, characterized by an irregular annual distribution of rainfall and by the well-defined occurrence of the dry season during the cold months and rainy season during the summer. Climatic data were recorded throughout the experimental period (Figure 1 ).
Individual hybrids from three progenies of full siblings of P. maximum were evaluated. These hybrids were obtained by crossings among four potential plants -sexual mother plants S10 and S12 and apomictic cultivars Mombasa and Tanzania -which were pollen donators. Progeny 1 resulted Source: metereological station of Embrapa Gado de Corte.
PRP -precipitation; AVGT -average temperature; MAXT -maximum temperature; MINT -minimum temperature. study, the following variables were considered: dry matter yield (DMY, g/plant); leaf dry matter (LDM, g/plant); stem + sheath dry matter (SDM, g/plant); percentage of leaves (%L); and leaf:stem ratio (LSR). The %L was estimated as the division between the dry matter of leaf blades and the sum of the dry matter of leaves and stem+sheath originating from the morphological separation, i.e., it is the division between the green dry matter of leaf blades and the total green dry matter of the sample.
To estimate the coefficient of repeatability, the methods of analysis of variance (ANOVA) and principal component analysis based on the correlation matrix (PCA) were used, as described in Cruz et al. (2004) .
The coefficient of repeatability by the method of analysis of variance (ANOVA) was estimated by using the statistical model with two variation factors:
in which Y ij = phenotypic value of the i-th genotype at the j-th measurement; μ = overall mean; g i = random effect of the i-th genotype under the influence of the permanent environment; a j = fixed effect of the temporary environment at the j-th measurement; and e ij = effect of the temporary environment associated with the j-th measurement in the i-th genotype.
For this model, the coefficient of repeatability was determined as: in whichˆ = co-variance between the repeated measures in each genotype; and = residual variance. By the PCA method, the repeatability coefficient was estimated based on the matrix of intra-class correlations. The correlation matrix method was proposed by Abeywardena (1972) and is based on obtaining the correlation matrix between the repeated measures and subsequently estimating the normalized eigenvalues and eigenvectors. Among the estimated eigenvectors, the one with elements of the same sign and with close magnitudes is identified, as it is the eigenvector that best expresses the genotypes' trend in maintaining their relative positions in the several periods of time. The coefficient was estimated as follows:
in which = eigenvalue of the correlation matrix associated with the eigenvector whose elements have the same sign and similar magnitude; and η = number of measures. The genotypic stabilization of the traits was evaluated using both methods for the successive measurements, considering 2, 3, ... until all the n evaluations performed. Therefore, we conducted n -1 analyses of two successive measurements, and n -2 analyses of three successive evaluations until six measurements were obtained (Cruz et al., 2004) .
For each trait, the determination provided by the use of combinations between harvests was obtained as follows:
in which η o = number of measures to obtain the desired coefficient of determination (R²); and r = estimated coefficient of repeatability.
All analyses were performed using the GENES computer software, in the Biometrics section (Computer Software for Genetics and Statistics) (Cruz, 2006) .
Results and Discussion
The interference of the time of evaluation of the Panicum maximum hybrids on the coefficient of repeatability of the agronomic traits was studied through coefficients estimated based on the combination of groups of successive harvests. In fact, it is noted that the coefficients estimated based on groups that included evaluations performed in the dry and rainy seasons together resulted in a decrease in the coefficients of repeatability and determination of the agronomic traits (Tables 1, 2 , and 3). In this sense, for all evaluated traits, the effect of inclusion of the dry-season harvests on the coefficient of repeatability was negative.
For total dry matter (TDM), the best results were obtained with the evaluation based on combinations of harvests 4, 5 and 6, which were made in the dry-rainy season transition (harvest 4), and in the rainy season (5 and 6) ( Table 1 ). The same was not observed in the cluster of the first two harvests, which were made in the rainy season; however, the onset of harvesting management resulted in transitory growth conditions, or in the differentiated expression of genes, which may have yielded lower coefficients of repeatability, even considering two evaluations within the same season of the year. Despite this little reduction, the coefficient remained at relatively high values, especially when compared with other evaluated traits. In view of this result, the genotypic stabilization in the evaluation of plants recently established in the field, or which are going through changes in management, is notably important, because in the first harvests plants commonly show a differentiated response from the adult stage, when they are in fact capable of representing the conditions in which they will be used (Pereira et al., 2002 Observing the coefficient of repeatability of leaf dry matter (LDM), it can be noted that it had higher values than that of TDM, which indicates that the prediction of the genotypic value through repeated measures may provide more reliable results. In genetic breeding, LDM has been recommended, because leaves have a closer relationship with forage intake by the animals and with weight gain. Observing the clusters of harvests that provided greater repeatability, we note the same trend observed for TDM, with higher coefficients when harvests between 4 and 6 were grouped, wherein a greater repeatability was obtained with the clustering of harvests 4 and 5 (Table 1) . In a similar study, Martuscello et al. (2013) obtained repeatability coefficients lower than those of this study, with 0.212 and 0.411 for TDM and LDM, respectively.
There was coincidence between the highest coefficients of repeatability and determination by the ANOVA method for TDM and LDM. For the PCA method, however, the highest coefficients of determination coincided with the clusters of greatest repeatability, but there was also an increase in the coefficient of determination in the clusters with a larger number of harvests. The clusters with a larger number of successive harvests were likely more capable of representing the variation in the data. Overall, the groups of harvests that provided the highest repeatability by the ANOVA method had similar values to those estimated by the principal component method, whereas the harvests of low repeatability and determination showed higher values by ANOVA than by the PCA method (Tables 1 to 3 ). According to Mansour et al. (1981) , when the real value of repeatability is low, the method based on PCA tends to overestimate the coefficient. In this regard, observing the clustering of harvests 3 and 4 for LDM by PCA, an increase can be observed in repeatability, which was not recorded for LDM by the ANOVA method or for TDM by either method.
The dry matter of stems (SDM) also showed better repeatability when harvests 1 and 2; 5 and 6; and 4, 5, and 6 were considered (Table 2) . For this variable, the coefficient of repeatability estimated with the data from the first and second harvests was higher than those of the other combinations. It is possible that the peculiar conditions of environment generated this result. The months in which the first and second harvests were made were characterized by the highest precipitation and temperatures of the entire experimental period (Figure 1 ). This fact partly explains the peculiar response of SDM during this period, which is usually higher under favorable growth conditions and with harvests made in fixed evaluation periods. In general, a higher coefficient of determination was obtained when all harvests of the experiment were considered for plants, and when combinations between 5 and 6; and 4, 5, and 6 were included for the plots.
The evaluation of groups of harvests was not able to provide considerable improvements in the coefficient of repeatability of the percentage of leaves (%L) ( Table 2) . This is probably due to the greater participation of leaf blades during the regrowth after flowering, which occurred from the third harvest, in the dry season. The repeatability of %F was considered low, which depended on the estimation method and on the combination of harvests. Thus, higher coefficients were recorded for the combinations between harvests 4, 5, and 6, and for the combination between harvests 1 and 2, both in the ANOVA method and in the PCA (Table 2 ). All combinations involving the harvest performed in the dry season generated a low coefficient of repeatability for %L, which was considered nil in the combinations of 1 to 3, 2 to 4, and 3 to 5. Coefficients of repeatability out of the parameter space were also observed for this variable (Table 2) . In this regard, the inclusion of the dry-season harvest was also very detrimental to the repeatability of %L. According to Mansour et al. (1981) , the ANOVA method may have negative values as long as the genotypic value is negative. Martuscello et al. (2007) observed significantly higher repeatability for the percentage of leaf blades evaluated in families of half-siblings of P. maximum, according to the PCA method based on the correlation matrix. According to these authors, the main factor of reduction of repeatability was the proximity to flowering, which implies excessive accumulation of stems by the forage plants.
The leaf:stem ratio (L:S) showed the lowest coefficients of repeatability, such that the use of all harvests, including the rainy and dry seasons, provided a coefficient close to zero (Table 3) . As can be observed, the repeatability obtained in all harvests of the experiment was 0.0326 by ANOVA and 0.1266 by the PCA method. These results indicate that the real value of this coefficient is low and that there was no correlation between the successive measures.
Unlike the other variables, the evaluation of L:S by repeatability coefficients was also favored by the use of the first and second harvests, whereas no other combination provided satisfactory values for the parameter in question (Table 3 ). In fact, the first harvests were made in the rainy season, but soon after the start of the experiment, when plants were subjected to a new defoliation management. It is possible that, after the beginning of the evaluation period, plants accumulated a large amount of stems due to the prolonged growth period that took place before the start of the evaluations. Hence, the accumulation of stem and pseudostem was exacerbated on these dates, leading to a greater correlation between the harvests.
Most studies in forage breeding in Brazil are focused on the improvement of agronomic traits such as dry matter yield, leaf yield, regrowth, and leaf percentage. On the other hand, forage quality has not been extensively studied, especially in the initial stages of evaluation of improved plants. This is probably due to the difficulty in evaluating characteristics as crude protein, fiber content and digestibility when they are evaluated by conventional methods. In spite of this, leaf:stem ratio may be used as an indicative of forage quality and this characteristic may easily be estimated by the ratio between the weights of leaves and stems. Therefore, it can be used as a way to improve quality in forage breeding. Few researchers have mentioned the use of leaf:stem ratio in forage breeding. This may probably be explained by the great variation observed in this characteristic because of the advancement of the phenological stages of the plants, which negatively affects forage quality and may reduce the coefficients of heritability and repeatability. By the ANOVA method, the highest coefficients of determination coincided with evaluations 1 and 2, and 4 and 5. By PCA, however, the highest coefficient of determination was obtained with the use of all harvests and with the evaluation performed with the first and second harvests, indicating that the coefficients estimated based on these harvests can be more representative of the real value of the parameter.
In the process of estimating the coefficient of repeatability by the ANOVA method, a simpler model was used, which did not include the interaction between genotype and environment. In this case, the environment can be understood as the different harvests of the experiment. Thus, the occurrence of this type of interaction may negatively affect the estimates by the ANOVA method, and all the types of interactions will be included in the residual variation. In spite of this, during the process of estimating the coefficient of repeatability, it is only interesting to know the variations that occur in the same sense; in other words, the degree of correlation between the repeated measures. In this sense, it may be assumed that in the cases where there is great repeatability, or high correlation between the repeated measures, there will be a low interaction effect between the genotypes and harvests.
The low coefficient of repeatability can be understood as a consequence of the high residual variation, which, in situations in which the objective is to evaluate differences or rank the genotypes, may increase the residual mean square and contribute for differences between the individuals not to be perceived, implying the occurrence of type-II error. In addition to undermining the process of ranking and differentiation of genotypes, the low repeatability also indicates that the trait has low heritability, which makes it difficult to improve this trait that is so important for the forage characterization. According to Falconer and Makcay (1996) , repeatability can be understood as the maximum value that the broad-sense heritability can reach.
In general, the coefficients of repeatability estimated for the rainy season were higher, and this indicates that the evaluation of forages in this period indeed has higher reliability. In this regard, Ferreira et al. (2010) evaluated the genotypic stabilizationof alfalfa during the dry and rainy seasons separately and obtained high coefficients of repeatability and determination for dry matter production in the two seasons.
The inclusion of evaluations performed in the early vegetative stage, in which the genetic potential of the studied plants is not fully manifested, or evaluations performed at advanced ages, when the materials are already under senescence, may result in a reduction of the repeatability estimate. However, according to Pereira et al. (2002) , the exclusion of evaluations in two stages in which there is no genotypic stabilization may be more appropriate than increasing the number of harvests. In this sense, the exclusion of the dry-season harvest may imply a substantial increase in repeatability and greater reliability at selection of genotypes.
Conclusions
Harvests performed in the rainy season provide higher coefficients of repeatability and determination for the selection of genotypes, thus improving the genotypic stabilization during these periods.
Inclusion of the harvest performed in the dry season in the calculation of repeatability is detrimental to the process of selection of low-repeatability traits such as percentage of leaves, stem dry matter, and leaf:stem ratio.
Total dry matter and leaf dry matter show high repeatability when evaluated in groups of harvests with greater stabilization.
The dry matter of stems, percentage of leaves, and leaf:stem ratio show low repeatability in groups of harvests, indicating that the genotypes did not achieve stabilization.
